Nov. 16, 1943. M. FRISCH - 2,334,187

VAPOR GENERATOR

Filed May. 3, 1939 2 Sheets-Sheet 1

[

A

254 7

’\]\ \~‘.5_‘A‘5:““‘“‘ \
N
j-i l"=i ; 2/“!11.50 \;
Wl ( illlllll
e

N RE
e i=
S 1| ISR || ,

- "m = *rf? 4 ““‘!‘m’ "85 m. —/6
57 f \ W | ‘\ /,4 s

86

E8

————————

~ INVENTOR
ITARTIN FH/SCH .

" et dn,

ATTORNEY




Nov. 16, 1943,

M. FRISCH 2,334,187

VAPOR GENERATOR

Filed May 3, 1939 2 Sheets-Sheet 2

FULL LINES = FIRING FOR CONSTANT SUPERHEAT TEMPERATURE
DOTTED LINES = EQUAL FIRING OF BoTH FURNACES
FPURNACE Zx77 78 —y——— A
URNACE £Xt7r 7E/MA
2200 | —] J
/\k — _/
2000 P L -~
. L =
Y s .
1800 _-r GAS TEMP. ENTERING SUPERHEA rs,e)_,,. B
& 4 - o I
> — 4
a L X— /;%‘ZP'F?&Z’?;”E"SES 70 S ﬂf;g;,e (/E/Vch
v 1600 L L — [— ”AKEUPREQU/RE‘D mrAL 2.0
¥ A A Sl
y -
% 1400 .
; 2
- BAS 7EME, LEAVING SurpERHEATE 2 }l——C
{200 — L L.’-—-' 7
" iooo ]
800
eee Fg 2
&
5.
1000 o
" . o7
¢ : o%- —D
N . FINAL STEAM TE/22 w,fﬂ,
N DESIRED SUPERHEATED ¥ ’I
3y STEAN TEME ~_ - |
g . [ =" T o STEAN Wirsr 8 Y 1FASS.
g —7 ,
';E 900 i
N 7
/
800
30 —— _— r—\__—‘
Q
3,,3 .
W 20
KN
N
o D)
g ! > , — — £
8y PASS
‘Q Y | /,\ ] f
Lot
% [——
Q . .
. 20 30 40 50 60 70 80 90 100 1o 120
PERCENT  OF FULL LOAD.
INVENTOR
YTARTIN S RYsCH.
BY

ATTORNEY




Patented Nov. 16, 1943

2,334,187

UNITED STA}ES PATENT | CFFITCE/

L VAPOR GENERATOR

Martin Frisch, N"ew York, N. Y., assignor to-Fos-
© - ter"Wheeler Corporatlon, New York, N. Y5, a: cor~ .
" peration of Néew- ank

"Application May. 3, 1939, Seriel.No.,,2771,432_t
' (01 122—235) o o
- heating ‘means; commonly emp}oyed m steam

11 le.hms

This mventmn relates to vapor generators,
and more ‘particilarly. pertaing;to-apparatus. for
the. control-iof superheat: over- a wide range.of

loads- in _steam: generabors: vkilizing: a. plurality

of separate furnaces operating:in:parallel.
The-invention is-based:upon the discovery.that
whien a steam boiler-is:fired;by; twe or; more fur-
naces: operating: in: parallel; and;each;furnace:is
provided: with. heat: absorbing: means such; as
water-walls or:other wall: cooling: surfaces, :and
the boiler: heating. surface ‘is: sorarranged: with
respect;to the furnaces that:the:gasesleaving the
furnaces: mix; even: imperfectly, befare; entering
the  boiler- heating - surface, the: temperature. ‘of

the mixed gases is lowest:when the:furnaces:are 1

evenly: fired, and increases when.the:furnaces:are
unevenly. fired.. For. example; if: asteam: boiler
fired: by two furnaces;.is:operated: at-half load,
and /ifr this:load: is: developed: by:firing: one: half
of the required :fuel in:each.of) the: furnaces;. the
temperature of the gases entering:the:beiler:will
- be considerably lower:than:if-the: load is:devel-
oped: by firing all: the fuel: required: to; develon
the load in.one.furhace and:none:in: the: other:
This . follows . from the fact: thatvwhen the: re-
guired-load: is developed by firing:fuel equally. in
Poth. furnaces, ‘the. cooling:surfaces:in; both fur~
naces absorb heat:from:the:flame:-and the gases
on-their way.ta:the beiler; ~whereas when:all the
required fuel ig fired:in:only one:of: the twe. fur-
naces; the cooling surface:in: the inactive furnace
is not- effective: in cooling any. portion: of  the
flame or the: gases,, and hence 1egs heat will.be
sbsorbed-from the :gases before:leaving. the. fur-
naces; and therefore.the temperature of the.gases
entering: the “boiler will: be. higher., When the
boiler-is operated: st .above -50% of: load; and: it

is .desired to-maintain the maximum: possihle gas.

boilers fired by-a. smgle furnace,. .- .
One-such: means: heretofore used. is; ‘a. suner,
heater having, beth: convec,tlon and rad;a, t,heat

.absorbing: sections: connected in, series, or. in, par=

allel. - Another sueh; means: inclides an. OVeFs
size convection: superheater which. normall}’\ gives

- a higher degree of. superheat than. regiired.at
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full: load, and. prowdes the- desired. ‘steam- tem-
perature -at. scme predeterrmned slower: lead,

by~pass;in. parallel. With - the: superheater, s,.uta,’-
lized o that at Ioads.above the low load. for which
the superheater is designed, & certain,amount.of
the. gases. is by-passed. around, the.superhéater. -
ta keep.the: superheat down: to. the: desl_red level:
When: such an.: arrangement: is- employed . with
single -furnace: boeilers, the-superheater, is. neces=
sarily; large in orderto. prov1d&the desxred;steam
temperature, at the. predetermined,low. load: bes
cause of, the ra,p1d1ty withr whioh.the temperature

. of the gases.entering 'the.superheater. decreases

‘of gases: that must. be- by*pa,sseq at

with. decreasing-load: Consequently . the volume
igh. loads,
so.as: to; prevent, the: superheat. from. exceeding
the predetermined: desired. level,. is, conslderable.‘

However, When: the.present. ‘invention is; uti=

: lized and-two or more separate furhaces.alg fired
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temperature through the: beiler,, one. furnace is:

fired: a4 its full loagd, which; corresponds to_ones

40 -

half of full boiler load, whlle the. other furnaee :

is-fired. to_ make up. the: differenee.. With this
method. of  operation,: the .temperature: of the

zases entering the:beiler, from: 50%. to.100%. of :

load-will: always be higher:thanit: would be if the
equivalent load.:is: developed: by firing: an: equal
amotint.of. fuel in-each.: of the two furnaces.

In: accordance with- the ;present: mventlon the .

application:of this:principle;makes it poss1ble to
obtain: a. comparatively flat temperature curve
for: the: gases. entering- the: superheater: section

of the hoiler, and:hence to: ‘realize a,isubstantlally ,

constant. final-steam temperature over- a. wide
range of/loads. hitherto: obtainable: only by the
use: ofy more: expensive: and cumbersome - super=

differentially, . the devlred steam. . temperature
may be- obtained,at: a’ predetermined low. load
with: considerably. less superheatmg. strface: due
to the fact that the gas temnera»ure entering the
superheater, changes, very, little .from half to_ful}
load.. Therefore m order to cqntrol a,ccura:oely :

ers ﬁ1ed by two or mo;e furnatces‘ bhat
fired by 3 singie furnace, as’'a, result: of wh;ch
the-superheater and by-pass means, can.he sub-
sfanmally smaller.and less expﬁnsWe o

The characteristics.of the. invention will be un-
derstood- from the. following - description. when

1cons1dernd in. oonnectlon ‘with the aceompanying

" drawings forming. 2. parb. thereof;. and’in which:

Fig. 1 is. a.vertical sectional view.
more - or. less, dlagrammatwally;;,a
erator embodymg one. form. of the:
and. ..

Tig, 2'is a chalt shoavvm'r a group of” culves
typieal. of .the varlatmns in.gas. and steam tem-
perature, obtained. over. .a. wide range’ of Tpads,
and’ illustrating. grephl,ca,lly the -effect on- these
temperatures. of  differentially: controlled and
equal firing of. two furnaces.in a steam: generator
embodymg the form of the. mventlon shovm m
Flg 1

gﬁgre‘ting
an - gen-
l:lvention.




2
lee characters of reference refer to the same
or to similar parts throughout the several views.

Referring to the drawings, particularly to Fig. .

1, reference character [0 designates generally
the setting of a steam generator having two
adjacently disposed furnaces {{ and 12, which

are fired by fuel burners {3 and {4 respectively,.

and include substantially vertical side walis i5

and 16,.rear walls 17 and {8, and front walls

not shown Midway between the side walls {3

and 16 and parallel thereto are two rows of close- .

1y spaced vertical water tubes 19 and 28, whith

are connected at their upper ends to -a beiler -

 drum 21, and at their lower ends to headers 22

and 23 respectively. The rows of tubes i§ and

20 extend between and normal to the front and

rear furnace walls and thus provide a partiticn |
which divides the setting into two separate fur--
naces which are arranged for parallel operation, .

Water wall tubes 24 and 25 are disposed on the .

inner surface of the side walls {5 and 16 respec-
tively, with the tubes:24 bemg connécted at their
upper ends to & header '26-and at their lower ends
to- header 21,7 and-the-tubes- 25 being similarly
connected to upper and: lower ‘headers 28 and 28.
The lower headers 22, 23; 27 and 28 are connected
. into the “boiler circulation- by suitable connec-
tions, ‘not shown, Water wall tubes 38 and 31
line the inner surface of the furnace roof por-

tions 32 and ‘33 respectively, -and ‘are connected ,

at thelr lower ends to the headers 26 and- 28 and
at their upper ends to headers &4 and 35 respec-
tively: “A centrally located steamn and water drum
.35 is connected with a steam and water drum
37 'at one-side-of the sefting by -circulators 28
and 39, and is connected with another similarly
disposed steam and water drum 40 on the other
side of the settmg, by circulators 4! and 42, ‘A
Vertical row of downcomer tubes 43 connects the
drum- 31 with vertical headers 45, and a similer
row'of downcomer tubes 44 connects ‘the drum 43
Wlth vertlcal headers 46. . Groups of steam gen-
erating tubes 41 and 48, spaced relatively widely
apart, connect the headers 45 and 48 respectively,
with ' the .central steam and water drum 26.
Groups of 1nclmed screen ‘tubes 49 and 5% ex-
tend across the path of the gases leaving the-fur-
nsces’ between the': drum 21 and - the headers
34 and 35 respectlvely, and have their upper ends
connected to drum‘31. The inner surfaces of
the rear walls (T and ‘18 of the  furnaces are
lined- respectlvely by groups of water wall tubes
51" and 52, " The tubes 51 are connected to an
upper Liorizontal header 53 and a lower horizontal

header 54, while the tubes 52-are connected to +

-.an, upper horizontal header 55 and a lower heri-
»zontal header 56. A group of short water wall
tubes 577also line portions of the inner surfaces
of the rear furnace walls, and these tubes are

connected to.an upper header 58 and to a-lower |
~header 59. It will be understood that the front

. tions-of the tubes 47, 48, 66 :and. 67..
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drum 36 by a similar row of spaced boiler tubes
61. In the space between economizer section
€8 and the lower horizontally inclined portions -
of the tubes 66 is disposed a superheater section
68, and on the opposite side of the setting is a
similarly disposed superheater section 68. Sat-
urated steam from the drum 37 flows through
stearn :line 10 to superheater inlet header 71 of
superheater section 68 and thence through that
section to the outlet header 72. At the same time,
steam line T3 conduects steam from the drum 40
to inlet header 74 of superheater section €8, and
after flowing therethrough, the steam flows into
outlet- header 75. From the superheater ocutlet
headers 12 and 15, the superheated steam is con-
ducted-to its point of use by suitable means, hot
shown.

A by-pass for the gases around the two super-
heater sections €8 and 69 is provided in the zone
through which pass the vertically disposed por-
As shown,
vertically- extending baffies 80 and . 81 are. dis-
posed- on or-adjacent the tubes 68 and 61 from
the horizontally inclined portions thereof upward=
ly to the-point where these tubes flare outward-
ly away from the tubes 47 and 48, where these

- baffles bend inwardly to the outermost tubes 47

40
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furnace” walls, not shown, may also be- provided .

with similar groups of water wall tubes.
.On’opposite ‘sides of the upper portion of the

setting and beneath the circulator tubes 83 and |

42 are economizer sections 60 and 6{. Feed wa-
ter from any suitable source enters the inlet
headers 62 and 63 and flows 'Inparallel through

each of. the economizer sections to outlet head-

ers 64.and 65 ‘respectively, and thence by con-
duit connections, not shown, to the boiler circu-~
lation. Header 34 is connecied to the steam
and water drum by a row of spaced boiler tubes
66, the lower portions of which are honzontally

mchned and the header 85 is. connected to-the 75

-thé bottom of ecomomizers 60 and 6i;

and 48: and continue upwardly therealong to the
drum-36. Ori¢ or more openings are provided in -
each bafile 80 and 81 adjacent their upper ends,
which -are controlled by dampers 16 and 17 re-
spectively, to regulate the quantity of gases flow-
ing through the by-pass and around the super-
eater section in:one or both of the gas passes.
Baffles18 and 19 are disposed along, or adjacent
to, the upper. ends of tubes 66 and 81, and ex-
tend from: the drum 36 downwardly nearly to
whereby
gas-passages -are provided through which. gases
from the by-pass €nter the gas passes in the zone
of ‘the” economizers 60 and 61. Suitable means
are provided to operate the:dampers 16 and 17,
either-individually or in groups, to provide-the
desired: desree.of regulation-of the flow of gases
through the by-pass and over each or both sec-
tions of the superheater. Thus all the gases pass
over the economizer sections and thereafter leave
the boiler through the flues 82 and 83.
“.As shown diagrammatically in the drawings,
fuel in the form of pulverized coal is fed to the
burners 13 and- {4 through fuel lines 84 and 85
from’ pulverizing mill 86. Variable amounts of
fuel may be ‘supplied to-each burner, and the
relative rates of firing of the two furnaces there-
by controlled- by means of a fuél proportioning -
valve 81 directly connected to the ‘discharge of
mill exhauster 88, or, if desired, two separaté

-controlling exhausters may be-used with one mill,

or ‘separate mills for each furnace may be em-
ployed. Obvmusly, the fuznaces may be fired by
other fuels, if desired:

~-In operation, -the gases leavmg the two fur-

_naces will mix in the space A befofe entering the

bciler proper.  Before enteung the superheater
sections; the mixed gases pass. over the: widely
spaced. boiler tubes 4T and 48,-as a result of which
the temperature of the gases is reduced to g pre-
determined value-at maximum load above which
the temperature should not rise, in order to mini-
mnize slagging. At loads below maximum, the
temperature of the gases entering the superheater
sections, “and the final steam temperature, is
maintained as nearly constant as possible by dif-
ferentially firing the two furnaces. Additional -
superheat control is obtained:by causing desired
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‘quantmes ‘of the-gases:to: flow through the- by~

pass.. The  by-pédss' contrel: dampers: are located
near the top of the-by-pass-fiue, which:- cantams
snough boiler surface to suficiently-cool the:gases
passing through:the dampersise- that- damper: de-~
sigh problems: sre: minimized, and:the use-of: ex-
pensive.- hlgh temperature metals 1s mmmrnzed
also. :

The- ctirves i F1g- 111ustrate~ graphcallya the
caléulated: eperating data for a: steam'genarator
embedying the.form- of:the.invention ilustrated
inMgs 1. Pig: 2:also shows.the effect on gasand

' steam: temperatures, of _differentially controlled

and<equal’ firing of theé- two furnaces; as-well:as
the effect of the.-by-pass on-the fnal steam tems~
perature.: The:detted:line .curves.show:the-effect

" on performance-at:all:leadsiofequally firing bhoth

furnaces, - under: . which:: .conditions: the natural -

characteristics: ofrthe:superheater determine: the
final steam temperatures:
shaw.: ‘the. effect: on ‘performance-when: firing -the
furnaces: differentially: to . obtain: thie. degree: of
superheat indieated: by: the.two.curyves: D The

upper: curve.D:showsithe final steam-temperature

obtained by differential firing alone; that is; with-
out-the use of the by-pass; while the lower:curve
D.shows the:final steam: temperatures: which may
pe-obtained by differential:firing and:the use; of
the by-pass in the range between 50.% and:120%
of:full load: Curve E shews.the. percent:of -total

gas: by-passed: at-the various:loads within. this:

range.. “"The  curves. A: show: the.temperatures...of
thremixed furnace gasesibefore entering the boiler,
and:indicate the:difference in- these:temperatures
when the furnaces:are: fired: equally, and: when
they: are fired- differentially..: Curves B:'show the

temperature:.of the mixed; gases. entering: the

The: full line curves:

heater.

10

15,

3
By differentially: firing: the furnaces:as
hereinbefore:described:andlycontrolling the flow
of-gases:through the by-pass, a constant:or sub-
stantially: constant: degree; of” superheat‘ may ke
obtained over:a:wideload range. =
-"Fhe particular: arrangemert: and:, dlsp051t10n of
the-steam: generatmgL and superheating: seetions
ofrthe- formsi of the -invention jselected: for: illus-
tration may be varied witheut departing from:the
principles; of: the .invention. . For exainple; if:de-

_sived; more: than-twe: furnaces may»be.employed.

Means: other: than: that disclesed: may ke: utilized
for. conbrollingthe: rate:of: firing of  the burners
in the: two: furnaces:. 'Such: means -may:inciude
automatic means responsive to the steam tem-

. perature-torprovide unequal fiving:in-the desired

20
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direction:and: automatic means resppnsive:toithe

- pressure;so: as-to maintain the firing; rate;at the
desired;value to: produee-the- desired-steam flow.

More-than: one: burner .may; of course, be utilized

inceachy furnace:.

Since; the: mventlon 1s no,t lmuted to. the forms
selected for, 111ustrat1pn i5:will be understood:that
the -invention:is-not- to: be:limited: excep‘mng by
the scope-of the: appended tclanns
- ‘What is. clalmed AS y '

1. -Vapor- generatmg apparatus comprlsmg a

setting, a plurality  of furnaces in: the setting ar-
ranged: to . operate; in; parallel; means. for: firing
each furnace: at various: 1nt'—‘n51t1es a. Water wall

" in.each furnaece, -a.mixing  chambeyr.into. which

35

the gases.from- each furnace. flow: and: mix: with
the: gases; from another furnace, means- formmg
a. gas. passage- through which the -mixed; gases
ﬂow from. said mixing chamber, vapos: generat-

Cing . surface in.the: path of the mixed gases flow-

superheater sections; and: the: difference in..the -

temperature of these:gzases ativarious:loads:ef-
fected by ‘equal or: by differential firing. . The
curve C.shows the.gas temperature leavmg the
superheater sectmns

The: curves.of Fig.; 2show clearly that when. the

' tWOJ.fu,.naces, are fired:equally; the. temperature

of the gases: leaving:the: furnaces andithe tem-.
perature. of ‘the. gases ‘entering the: superheater
are-matérially lower: than. corresponding: temper-
atures: of the: gases. when.the:furnaces are-fired
differentially.  ‘Differential: firing - according::to
g, 2 includes:the firing ‘of but:one furnace: for
loads. up to half load; and: for leads between half
and.full:load, the firing.of one furnace at an.in-
tensity:: to. produce: half load, with. the firing:of
the other furnace at the.intensity: required for
the:desired load. "When.the. by-pass-isinot: useds;
the final.'steam . temperature;. or:the: degree- of
superheat: imparted-to the steam, will-vary -but
slightly: between 50% -and 100:%: of full: load; as
shown.‘by the upper curve: Dy Beyond: full load
the- temperature - rises.  However; by usihg:the
by-pass, the final steam temperature at all loads
above: half lead may.be mamtamed constant: as
indicated- by the lower: curve D Consequently,
with differential firing-ofthe- furnaces; a substan-
tially : constant degree. of: superheat: may: be ob-
tained at varicus loads; and:by differential firing
with the use-ofi the.by-bass, constant superheat
may: e maintainediat:variousloads: ;

From-the-foregoing: it will:be ‘perceived:.that -

in.accordance with the-invention; superheat:con-
trol may be obtained readily-in.-steams. generators
fired: by & plurality -of -water ceoled-furnaces. so

40
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ing  from. said. chamber and connected: to said
water- walls:in . said. furnaces, means: forming-a-
by«-pass in. the; eentral ‘portion:of: said; gas;: pas-
sage,, means for: controllmg the: ﬁow of: gases
through the by- -pass, and- superheating surface
in said gas passage.on both-sides of said by-pass
over: which the gases from said-mixing. ‘chgmber
flow; in.. passing: through- said; passage;. ‘the ar-
rangement belng -such: that the-superheat; tem:=
peratureis controlled by, unequally firing the: fur=
naees. to; regulate the temperature. of the:gas
mixture -and .by.regulating the: quantity of: gases
flowing through said by-pass: . . - )
2, Vapor: generating apparatus: compusmg a

setting; a;plurality of furnaces in the:setting/ar=""

ranged. tooperate: in- parallel, means: for, firing
each. furnace. at-various:intensities, & water wall
in -each furnace, a mixing: chamber: inte; which
the.gases. from: each furnace-flow:and: mix: with
the gases from-another. furnace, means. forming
a £a2S. passage:- through- which the mixed gases
flow; fromsaid mixing: chamber; .vapor geherating

© surface in: the path of:the mixed: gases flowing

60
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70

arrariged- that the:-gases from- the: furnaees mix -

prior: toentering-the: steam ‘generating : surface
and:prior:to coming’ mto contact: Wlth the:super~

(63

from: said:.chamber and:connscted to. said:water
walls-in- said -furnaces, means: forming:a by-pass

 inrthe:central portion of saidigas.passage, means
“for.controlling: the flow: of gases:through the-by-

pass; superheating: surface:in said gas:passage on

both: sides~of saidby=pass’over whiththe gases

from: said- ‘mixing ‘chamberi: flow in passing

through; said ‘passage, and heat:recovery surface

in said-passage. in:the'path: of the gases flowing
from the: superheatmg surf ce and from saxd

by-pass.:

37 Viapor genelatmg apparatus cempusmg a
setiting; a plurality: of furnaces in- the- seutmg ar-
ranged: to: operate:in parallel means for-firing
each furnace:at variousiintensities; a: water wall
i each‘ furnacey o mixings chamber mto which,
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the gases from. each furnace flow and mix with
the gases from another furnace, means forming
a .gas .passage. through-which the mixed gases
flow from. sdid mixing chamber, means forming
a by-pass in said gas passage, means for con-
trolling  the flow.of gases through the by-pass,
and superheating surface in said gas passage on
both sides . of said by-pass over which the gases
from said mixting  chamber. flow in passing
through said passage, the arrangement being such
that the superheat temperature is. controlled by
-unedqually - firing  the furnaces.:to  regulate the
temperature of the gas mixture and by regulating
the quantity of gases flowing through said by-
pass, el R

4. Vapor- generating. apparatus:comprising a
" setting, a plurality of furnaces in the settihg ar-
ranged. to- operate in ‘parallel, means for - firing
each furnace at various intensities, a’ water wall
in"each furnace, a mixing chamber into which
the gases from each furnace flow and mix with
the gases from-anothier furnace, means. forming
a gas: passage- through which the mixed gases
flow ‘from Said mixing 'chamber,»v_a,por generat-
ing surface in the path of the mixed gases flow-
ing from said chamber, means forming a by-pass
in "said ‘gas passage, means for controlling -the
flow of gases: through the by-pass, and super-
heating surface in said gas'passage on both sides
of sald by-pass over which the gases from:said
mixing- chamber flow in passing through said
bassage,- the arrangement being such that the
superheat temperature is controlled by unequal-
ly firing the furnaces-to regulate the: tempera-
ture of the gas miixture and by regulating the

" duantity of gases flowing throiigh said by-pass.

-8, Vapor generating apparatus comprising a
setting, a plurality of furnaces in the setting ar-
_ ranged ‘to operate-in parallel, means for: firing
each furnace-at various intensities, a water wall
- in each. furnace, a mixing chamber into which
the gases from each furhace flow and mix with
the gases from ‘anothér furnace, means forming
‘@ gas passage -through which the mixed gases
. flow from said mixing chamber, means forming a
by-pass in-said.gas passage, vapor generating
" surface in said’ by-pass, ‘means. for controlling
. the flow of gases through the by-pass, and super-
heating surface in the gas -passage on both sides
of said by-pass over which the gases from said
mixing chamber flow in passing through the pas-
‘sage, the arrangement being such that the super-
heat temperature is controlled by unequally fir-
ing the furnaces to regulate the temperature of
the gas mixture and by regulating the quantity
of gases flowing through said by-pass.

6. Vapor generating apparatus conmprising a
setting, .a plurality of furnaces in the ‘setting
arranged to operate in parallel, means for fir-

" ing each furnace at various intensities, a water
wall in each furnace, a mixing chamber into
which the gases .from each’ furnace flow and
mix with the gases-from another furnace; means
forming a-gas passage through which -the mixed
gases flow' from said mixing chaimber, ‘means
forming a by-pass in ‘said gas passage, vapor
generating surface in the path- of .mixed gases
flowing from the chamber. into the bassage and
by-pass, means for ‘controlling the flow. of gases
through the by-pass, and superheating. surface
in the gas passage on both sides of said by-pass
over which the gases from' the mixing chamber

- flow in passing through the passage, the ar-
rangement being such.that. the -superheat tem-
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berature is .controlled by unequally. firing the 75
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furnace to regulate the.temperature of the gas;
mixture and by regulating. -the quantity of gases.
flowing through said by-pass. e
-1, Vapor- genérating apparatus comprising a
setting, a plurality of furnaces in the setting ar-
ranged - to operate  in.parallel, ‘means for fir-
ing 'each furnace at -various intensities, a- water
wall in each furnace, a mixing chamber into
which the gases from. each furnace flow and
mix with the.gases from another furnace, means
forming a gas-passage through which the mixed
gases ‘flow from said mixing .chamber, means
forming 'a by-pass:for said passage and dis--
posed to divide the passage into portions sep~ .
arated by the by-pass, vapor-superheating sur-
face In each portion of the gas passage in heat
exchange relationship with gases flowing there~

-through from the mixing chamber, and means

for controliing the flow of gases through the by- -
pass. i o _
8. Vapor generating apparatus comprising a
setting, a- plurality of furnaces in-the setting ar-
ranged to operate in parallel, means for firing.
each furnace at various intensities, a water wall -
in each furnace, a mixing chamber into which
the gases.from each furnace flow and mix with
the gases from another furnace, means forming
a gas passage through which the mixed gases
flow from said mixing chamber, means forming
a by-pass for said passage and disposed to divide
the passage into portions separated by the by-
Dbass, vapor -superheating. surface in each por-
tion of the:gas passage in heat exchange rela-
tionship with- gases flowing therethrough from.
the mixing chamber, and:means for controlling
the flow. of gases through. the by-pass, the ar-
rangement- being such:that the superheat tem-
perature is controlled by unequally firing the fur-
haces to-regulate the temperature of the gas mix-
ture and by regulating the. quantity of gases’
flowing through said by-pass. B
9. Vapor generating apparatus comprising a
setting, a plurality-of furnaces in the setting ar-
ranged .to operate in' parallel, means: for firing
each furnace 'at-various intensities, a water
wall in each furnace, a mixing chamber into-
which the gases from. each furnace flow and
mix with ‘the gases from’ another furnace, means
forming a gas passage through which the mixed
gases .flow from  the. mixing chamber, means
forming a by-pass for said passage and disposed
to-divide the passage into portions separated by
the by-pass, vapor superheating surface in each
portion of the gas passage in heat exchange re-
lationship with gases flowing therethrough from -
the mixing chamber, means for controlling the
flow of gases through the by-pass, and a heat re- .
covery device: in at least one of- the portions of .
sald passage in the path of the gases flowing
from the superheating surface and from said -
by-pass. . SR ’ R :
10. Vapor generating apparatus comprising a
setting, a plurality of furnaces in the setting ar-
ranged- to operate in parallel, means for firing
each furnace at.various intensities, a water wall
in-each furnace, & mixing chamber into which
the gases from each. furnace flow and mix with
the gases from another furnace, means forming a
gas passage through which the mixed gases flow
from said mixing chamber, means forming a by-
pass for said passage and disposed to divide the
passage into portions separated by the by-pass,
vapor superheating surface in each:portion of
the’ gas passage in. heat: exchange . relationship -

with gases flowing: therethrough from the mixing =
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chamber, a heat recovery device in at least one ‘

portion of the passage in the:path of the gases
flowing from the superheating surface, the by-
pass having gas outlets positioned adjacent the

heat recovery surface so that gases discharged

from the by-pass will flow over the heat recovery
device, and means associated with the gas out-
lets for controlling the ﬂow of gases through the
by-pass.

11, Vapor genera.tmg appara.tus compnslng ‘8

' setting, a plurality of furnacesin the setting ar-
“ranged to operate in-parallel, means for firing
each furnace at various intensities, a water wall
in each furnace, a mixing chambher into which
the gases from each furnace flow and mix with
the gases from another furnace, means forming
a gas passage through which the mixed gases
flow from said mixing chamber, means forming

5

8 by-pa.5s for sald passage and dlsposed to divide
the passage into two substantially parallel por-
tions separated by the by-pass, the by-pass hav-
ing gas outlets at opposite sides thereof and in
communication with the separate portions of said
gas passage, vapor superheating surface in each

" portion of the gas passage in heat exchange re-
~lationship with gases flowing therethrough from

10

the mixing chamber, a heat recovery device in
each of said portions-of the gas passage in the.

“path of gases flowing from the superheating

surface, bafle means adjacent each gas outlet

- of sdid by-pass adapted to direct the gases from

15

the by-pass over the heat recovery device, and
means associated with the gas outlets for con-.
trolhng the flow of gases through the by-pass.
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